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SUMMARY 
The NASTRAN Contour P l o t t e r ,  a group of subrout ines  and modi f ica t ions  t o  
the  NASTRAN P l o t  Module, enab le s  contour  l i n e s  t o  be superimposed on t h e  p l o t  
of t he  s t r u c t u r a l  model o r  on an o u t l i n e  of t h e  s t r u c t u r a l  model. The NASTRAN 
Contour P l o t t e r  can be incorpora ted  i n t o  NASTRAN Version 12 .  Cons is ten t  wi th  
the  NASTRABJ computer program, i t  i s  o p e r a t i o n a l  on t h e  IBM 360, t he  CDC 6000, 
and t h e  UNIVAC 1108 computers on a v a r i e t y  of p l o t t e r  hardware. 
INT RODUCT I ON 
NASTRAN (NAsa  STRuctural ANa1ysis)program i s  a gene ra l  purpose d i g i t a l  
computer program f o r  t he  a n a l y s i s  of  l a r g e  complex s t r u c t u r e s .  NASTRAN uses  
t h e  f i n i t e  element s t r u c t u r a l  a n a l y s i s  approach which involves  rep lac ing  the  
a c t u a l ,  continuous s t r u c t u r e  by an  i d e a l i z a t i o n  composed of s m a l l  e lements .  
NASTRAN c u r r e n t l y  provides  a p l o t t i n g  c a p a b i l i t y  t o  a i d  i n  the p repa ra t ion  
of t h e  s t r u c t u r a l  model and i n  t h e  i n t e r p r e t a t i o n  of t h e  computed r e s u l t s .  
This s t r u c t u r e  p l o t t i n g  c a p a b i l i t y  produces both deformed and undeformed 
geometr ic  p r o j e c t i o n s  of t h e  s t r u c t u r a l  model w i th  o r  without  displacement 
v e c t o r s  a t  t h e  nodal  p o i n t s .  The X-Y p l o t t i n g  c a p a b i l i t y  produces graphs of 
t r a n s i e n t  response and frequency response,  and the  mat r ix  p l o t t i n g  c a p a b i l i t y  
gene ra t e s  t opo log ica l  d i s p l a y s  of matrices. 
The contour  p l o t t i n g  c a p a b i l i t y ,  an enhancement t o  t h e  s t r u c t u r e  p l o t t e r ,  
w i l l  p l o t  l ines  r ep resen t ing  equal  va lues  on any deformed o r  undeformed 
geometric p r o j e c t i o n  of t h e  s t r u c t u r a l  model. I t  w a s  developed t o  a i d  i n  t h e  
i n t e r p r e t a t l o n  of va r ious  stress and displacement r e s u l t s .  
The contour  p l o t t i n g  c a p a b i l i t i e s  are descr ibed  i n  terms of the  d a t a  card 
s p e c i f i c a t i o n s  which i n d i c a t e  t h e  type of contour p l o t  and d i r e c t  the  contour  
p l o t t e r  t o  superimpose contour  l i n e s  on the  s t r u c t u r a l  model. These d a t a  cards  
are an a d d i t i o n  t o  t h e  s t r u c t u r e  p l o t  reques t  packet  used t o  de f ine  and 
c o n t r o l  t h e  execut ion  of t h e  s t r u c t u r a l  model p l o t  ( r e f .  1). 
Adding t h e  contour p l o t t i n g  c a p a b i l i t y  t o  the  s t r u c t u r e  p l o t  module 
n e c e s s i t a t e d  c e r t a i n  modi f ica t ions  t o  e x i s t i n g  subrout ines  w i t h i n  the  module 
and t o  the  p l o t  DMAP (Direct Matr ix  Abs t rac t ion  Program) s ta tement  i n  t h e  a l l  
r i g i d  formats .  These modi f ica t ions  and a d d i t i o n s  are descr ibed  i n  the  format 
of The NASTRAN Programmer's Manual ( r e f .  2 ) .  
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Figure 1. 
Nine types of stress contour p l o t s  are ava i l ab le :  
- Major and Minor P r i n c i p a l  S t r e s s  [ E;:! } 
I MAXSHEAR - Maximum Shear Stress 
- X,Y,Z Normal Stresses stress = { z:z2 1 
ZNdRMAL I 
} - Shear-XY, -XZ, -YZ . 
Four types of displacement contour p l o t s  are ava i l ab le :  
- t h e  X,Y,Z components of t he  
displacement = displacement vec to r  
(MAGNITUD - the  magnitude of the  displacement vec to r  
Default  f o r  t h i s  parameter i s  MAJPRIN, Major P r i n c i p a l  Stress. 
may be s e l e c t e d .  I n  t h e  set of elements f o r  which a contour  p l o t  can be 
executed (see The PLOT Execution Card),  t h e  average of 21 and 22, M I D ,  is  
app l i cab le  only t o  t h e  CTRlA2 and CQUADZ elements .  The d e f a u l t  i s  Z1. 
The Normal S t r e s s e s  are d i r e c t i o n a l  and are c a l c u l a t e d  i n  t h e  elements  
l o c a l  coord ina te  system. I f  COMMON DIRECTION i s  s p e c i f i e d ,  t h e  contour  p l o t t e r  
w i l l  t ransform t h e  Normal S t r e s s e s  and the  Shear S t r e s s e s  t o  a common 
( c u r r e n t l y  t h e  b a s i c )  coord ina te  system. I f  LOCAL DIRECTION i s  s p e c i f i e d ,  
t h e  contour  p l o t t e r  w i l l  leave t h e s e  stresses i n  the  g l o b a l  coord ina te  system. 
Note t h a t  t he  Normal Z S t r e s s ,  and t h e  Shear-XZ and Shear-YZ are assumed t o  be  
zero  i n  t h e  element 's  l o c a l  coord ina te  system. 
t h e  COMMON DIRECTION. 
Defaul t  f o r  t h i s  parameter i s  
The PLOT Execution Card 
The PLOT Execution Card ( f i g u r e  2) has  been a l t e r e d  t o  inc lude  t h e  
CONTOUR and OUTLINE execut ion commands ( r e f .  4 ) .  
1 S TAT1 C TRANSIENT PLOT [{MODAL 1 DEFORMATION il,i2,THRU i 3 , i 4 ,  e t c .  
RANGE 11, 1 2  
TIME +13 3-2 
RANGE X1, 12 
TIME t l ,  t 2  [CONTOUR i 1 , i Z  THRU i 3 , i 4 ,  etc.]  > 
> 
[MAXIMUM DEFORMATION d]  > [SET j 1 > [ O R I G I N  k]  > 
SHAPE, VECTOR v 
Figure  2. 
The CONTOUR command w i l l  superimpose l i n e s  r ep resen t ing  equa l  va lue  on 
t h e  s t r u c t u r a l  model o r  on t h e  o u t l i n e  of t h e  s t r u c t u r a l  model. The nonzero 
i n t e g e r s  fol lowing t h e  CONTOUR command r e f e r  t o  subcases  t o  be  p l o t t e d .  
Defaul t  is t h e  subcase fol lowing t h e  DEFORMATION parameter  o r ,  i f  t h a t  
parameter is n o t  s p e c i f i e d ,  a l l  subcases .  In  a d d i t i o n ,  t h e  RANGE o r  TIME may 
be  s p e c i f i e d .  I f  bo th  DEFORMATION and CONTOUR are s p e c i f i e d ,  t h e  contour  
p l o t t e r  w i l l  t ake  t h e  subcase,  range, o r  t i m e  parameters  fol lowing 
DEFORMATION as app l i cab le  t o  t h e  contour  p l o t  as w e l l  as t o  t h e  deformed p l o t .  
I f  a stress contour  p l o t  is  reques ted ,  contour  l i n e s  w i l l  be  p l o t t e d  on 
the  fol lowing elements i n  SET j appropr i a t e  t o  t h e  type  of stress contour  
p l o t  reques ted  ( r e f .  5 ) :  CSHEAR, CTRlAl, CTRlA2, CQUAD1, CQUAD2, CTRMEM, 
CQDMEM . 
I f  a displacement contour  p l o t  is reques ted ,  contour  l i n e s  w i l l  be  p l o t t e d  
The type of  on a l l  two-dimensional elements p l o t t e d  by t h e  s t r u c t u r e  p l o t t e r .  
deformation must be  s p e c i f i e d  f o r  a displacement contour  p l o t .  
The contour  l i n e s  are l abe led  wi th  i n t e g e r s  i n d i c a t i n g  the  contour va lue .  
The i n t e g e r s  are l i s t e d  w i t h  t h e i r  a s s o c i a t e d  contour  va lues  i n  t h e  form of a 
key i n  t h e  P l o t  Module Message s e c t i o n  of t h e  p r i n t e d  output .  
The OUTLINE command has  been added as an  a l t e r n a t i v e  t o  t h e  SHAPE 
command. OUTLINE w i l l  p l o t  connecting l i n e s  between those g r i d  p o i n t s  which 
l i e  on the  boundary of t h e  s t r u c t u r a l  model. 
I f  DEFORMATION i s  s p e c i f i e d  i n  an a d d i t i o n  t o  OUTLINE, t h e  OUTLINE w i l l  
r e f l e c t  t h e  deformed s t r u c t u r e .  I f  a "0" i s  added t o  t h e  deformation subcase 
s t r i n g ,  t h e  undeformed o u t l i n e  w i l l  be  p l o t t e d .  
The OUTLINE command may be s p e c i f i e d  only i n  a d d i t i o n  t o  t h e  CONTOUR 
command. 
CONTOUR PLOT PROGRAM FUNDAMENTALS 
Modif ica t ions  and Addit ions t o  t h e  Funct iona l  Module P l o t  
The a d d i t i o n  of t h e  contour  p l o t t e r  en la rges  t h e  c a p a b i l i t i e s  of t h e  
Funct iona l  Module P l o t  ( r e f .  6) t o  i nc lude  the c a p a b i l i t y  of superimposing 
contour  l i n e s  on s t r u c t u r a l  shapes using a v a r i e t y  of d i f f e r e n t  p l o t t e r s .  I n  
o rde r  t o  inco rpora t e  t h e  contour  p l o t t e r ,  two d a t a  b locks  w e r e  added t o  the  
i n p u t  s t r i n g  of d a t a  blocks brought  i n t o  t h e  P l o t  Module and mod i f i ca t ions  
w e r e  made t o  t h e  e x i s t i n g  subrout ines  i n  o r d e r  t o  add the  new subrou t ines  t o  
t h e  P l o t  Module. 
on the  contour  p l o t .  
A page of p r i n t e d  output  w a s  a l s o  devised t o  g i v e  informat ion  
The d a t a  b locks  ECPT and (dES1 w e r e  added as a d d i t i o n a l  i n p u t  b locks  t o  
the  DMAP c a l l i n g  sequence. The DMAP c a l l i n g  sequence ( r e f .  7) becomes: 
PLgT PLTPAR, GPSETS, ELSETS, CASECC, BGPDT, EQEXIN, SIL, ECPT, 
PLTDSP1, PLTDSP2, @ESl/PL@TX/V,N,NGP/V,N,LSIL/V,N,PLTFLG/ 
V,N,PLTNUM $ 
ECPT is t h e  Element Connection and P r o p e r t i e s  Table and @ES1 is  t h e  Output 
E lemen t  S t r e s s  Table.  I f  t h e  ECPT d a t a  block i s  purged, contour  p l o t s  w i l l  
no t  b e  drawn. I f  t h e  @ES1 d a t a  b lock  is  purged, t h e  stress contour  p l o t s  
w i l l  n o t  be  drawn. 
Modif ica t ions  w e r e  made t o  e x i s t i n g  p l o t  module sub rou t ines  sa t h a t  t h e  
contour  p l o t  d e f i n i t i o n  ca rd  could b e  d e t e c t e d  and so that the CONTOUR and 
OUTLINE commands could be  executed. When t h e  p l o t  module i s  ready t o  gene ra t e  
t h e  p l o t  (subrout ine DRAW), a l l  t he  necessary  parameters  have been set and 
any necessary  r o t a t i o n s  have been made t o  g e n e r a t e  t h e  contour  p l o t .  
The subrou t ine  CONTOR is  c a l l e d  by t h e  sub rou t ine  DRAW t o  p l o t  contour  
l i n e s .  I f  a stress contour  p l o t  w a s  requested,  CONTOR r eques t s  t h a t  t he  p l o t  
set b e  ordered and t h a t  contour  va lues  beq found f o r  each element.  The 
contour  lines are then loca ted  on t h e  s t r u c t u r a l  model, drawn and l abe led .  
If a displacement contour  p l o t  w a s  requested,  t h e  contour  l i n e s  are drawn by 
the  subrout ine  DISPLA which r e t u r n s  t o  t h e  sub rou t ine  CONTOR t o  p l o t  t h e  
l a b  e 1s . 
If an OUTLINE of  t h e  s t r u c t u r a l  model w a s  reques ted ,  t h e  sub rou t ine  DRAW 
calls the  sub rou t ine  BORDER t o  gene ra t e  t h i s  p a r t  of t h e  p l o t .  
The subrou t ine  DRAW, then, ( r e f .  8), has  been a l t e r e d  s o  t h a t  subrout ines  
CONTOR and BORDER can be  
o u t l i n e .  The subrout ine  
t o  ROTATE can be  made t o  
system. 
The seven subrout ines  
descr ibed  below. 
c a l l e d  t o  gene ra t e  contour  l i n e s  and t h e  s t r u c t u r a l  
PLOT (ref. 9 )  has  a l s o  been a l t e r e d  s o  t h a t  a ca l l  
t ransform c e r t a i n  stresses t o  a common coord ina te  
comprising the  contour  p l o t t i n g  c a p a b i l i t y  are 
(1) Subrout ine Name  : R@TATE 
a common coord ina te  system. 
where ELSETS is  t h e  d a t a  block conta in ing  element connect ion da ta ,  
Purpose: t o  t ransform the  Normal Stresses and the  Shear Stresses t o  
Cal l ing  Sequence: CALL R@TATE(ELSETS, GPLST, X) 
GPLST i s  a l i s t  of i n d i c e s  def in ing  t h e  set of g r i d  p o i n t s  a s soc ia t ed  
X conta ins  the  corresponding coord ina tes  of the  g r i d  p o i n t s .  
w i th  t h e  elements ,  and 
Common Blocks: 
/XXPARM/ ( r e f .  10) (see a l s o  Addit ions t o  NASTRAN Tables ,  
page 10 1. 
Method: The subrou t ine  t ransforms the  Normal S t r e s s e s  and Shear S t r e s s e s  
from the  l o c a l  coord ina te  system t o  a common coord ina te  system using the  
fol lowing express ion:  
[TI  = [ e l  [ T ' I  [ e l T  
T T 
where [ T I  = [i is  a symmetric ma t r ix ,  
zx zy z 
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ox) Q , oZ Y 
T T , T are t h e  Shear-XY, -XZ, and -YZ S t r e s s e s  
[ e ]  i s  t h e  r o t a t i o n  matrix which has  as its components t h e  
are t h e  NormalX,Y, and Z S t r e s s e s  r e s p e c t i v e l y ,  
xy' xz yz r e spec t ive ly ,  and 
d i r e c t i o n  cos ines  between the  l o c a l  and common 
coord ina te  systems. 
Since a l l  elements considered by t h e  contour  p l o t t e r  are p l a t e  e lements ,  
t h e  elements  are a l i  assumed t o  l i e  i n  the  l o c a l  X,Y p lane  wi th  t h e  X-axis 
pass ing  from g r i d  p o i n t  one t o  g r i d  p o i n t  two ( r e f .  11 ) .  The subrout ine  
makes use of t h e  assumption t h a t  Q = T = T = 0 i n  t h e  l o c a l  coord ina te  
system. z xz yz 
A new l o c a l  element stress t a b l e  (NEWOES) i s  compiled by the  subrout ine  
ROTATE t o  communicate the transformed stresses t o  t h e  sub rou t ine  CONTOR. 
Addi t iona l  Subrout ines  Required: None. 
(2)  Subroutine N a m e :  C@NT@R 
Purpose: t o  p l o t  and l a b e l  contour l i n e s .  
Cal l ing  Sequence: CALL C@NT@R(GPLST,X,S,U,PEN,DEF@RM) 
where GPLST i s  a l i s t  of i n d i c e s  def in ing  t h e  set of g r i d  p o i n t s ,  
X conta ins  t h e  corresponding coord ina tes  of t h e  undeformed p o i n t s ,  
S conta ins  t h e  corresponding coord ina tes  of t he  deformed p o i n t s ,  
u conta ins  the  displacement coord ina tes ,  
PEN i s  the  l i n e  dens i ty  o r  pen number, and 
DEFORM = { 
Common Blocks: 
0 i f  an  undeformed s t r u c t u r a l  model w a s  reques ted  
1 i f  a deformed s t r u c t u r a l  model w a s  reques ted  
/XXPARM/ ( r e f .12 )  (see a l s o  Addit ions t o  NASTRAN Tables ,  
/PLTDAT/ ( r e f .  13) 
/DRWDAT/ ( r e f .12 )  (see a l s o  Addit ions t o  NASTRAN Tables ,  
page 10 ) .  
page 10 ). 
Method: If t h e  contour  p l o t  i s  t o  be  a displacement contour  p l o t ,  
CONTOR cal ls  the  sub rou t ine  DISPLA t o  p l o t  t he  contour  l i n e s .  I f  a stress 
contour  p l o t  w a s  reques ted ,  CONTOR calls  the  sub rou t ine  CREATE t o  p repa re  a 
t a b l e  conta in ing  t h e  contour  va lue  and the  c e n t r o i d  f o r  each element i n  t h e  
p l o t  set .  The subrout ine  ORDER is  then  c a l l e d ,  i f  necessary ,  t o  provide a 
t a b l e  of a l l  g r i d  p o i n t s  i n t e r n a l  t o  the  s t r u c t u r a l  shape and a l l  elements 
t h a t  sha re  a common g r i d  p o i n t  i n  the  cu r ren t  p l o t  set. 
Once these  t a b l e s  are a v a i l a b l e ,  CONTOR estimates a contour  va lue  
f o r  each i n t e r n a l  g r i d  p o i n t  using a weighted average of d i s t a n c e  from t h e  
cen t ro ids  and contour  va lues  of surrounding elements .  Contour l i n e s  are 
found w i t h i n  a t r i a n g l e  formed by connecting a n  i n t e r n a l  g r i d  p o i n t  and two 
3 90 
adjacent elements' centroids.  Contour l i n e s  are p l o t t e d  with the  assumption 
t h a t  the contour values vary l i n e a r l y  between v e r t i c e s  of t h i s  t r i ang le .  
Labels are placed on the  completed contour p l o t  and the  subroutine 
PLTOPR is  ca l l ed  t o  p r i n t  the  contour p l o t  key as p a r t  of the p l o t  messages. 
Additional Subroutines Required: ORDER, CREATE, DISPLA. 
(3)  Subroutine N a m e :  CREATE 
block and ca l cu la t e  the centroid of each element i n  t h e  p l o t  set .  
where GPLST is  a l i s t  of ind ices  defining the  set of g r i d  po in t s ,  
Purpose: t o  e x t r a c t  the stress contour values from the  appropriate da ta  
Calling Sequence: CALL CREATE(GPLST,X,U,DEF(&M,C(8NMIN,C@JMAX,ELMTID,ST@RE) 
X , U  contain the  corresponding undeformed and deformed coordinates 
DEFORM = { 
CONMIN,CONMAX are t h e  minimum and maximum of the contour values,  and 
ELMTID,STORE are temporary s torage  areas f o r  the element 
respec t ive ly ,  of the  g r i d  po in t s ,  
0 i f  an undeformed s t r u c t u r a l  shape w a s  requested, 
1 i f  a deformed s t r u c t u r a l  shape w a s  requested 
i d e n t i f i c a t i o n  number and the contour value found on 
the stress da ta  block. 
Common Block: 
./=PAW/ ( re f  .14) (see a l s o  Additions t o  NASTRAN Tables, page 10 ) . 
Method: After determining which stress d a t a  block contains the contour 
values f o r  t h i s  contour p l o t ,  t he  appropriate da t a  block i s  opened and t h e  
temporary s torage  area is  f i l l e d .  The contour values are se l ec t ed  from the 
i n f  onnation on Fibre Distance , d i r e c t i o n ,  subcase, and i f  appl icable ,  range 
o r  t i m e  spec i f i ed  by the  user.  Then the  ELSETS da ta  block i s  read to  supply 
information on element types,  elements i d e n t i f i c a t i o n  numbers, and i n t e r n a l  
g r i d  po in t  numbers of elements contained i n  the  cu r ren t  set .  
The subroutine makes two assumptions concerning the stress da ta  block 
and the ELSETS da ta  block. It assumes t h a t  element types are ordered i n  the 
same sequence and t h a t  f o r  each element type, element information i s  ordered 
by increas ing  element i d e n t i f i c a t i o n  number. Element types f o r  which contour 
l i n e s  cannot be drawn are ignored as are elements no t  included i n  the  cur ren t  
p l o t  set. 
F ina l ly ,  t h e  cent ro id  is ca lcu la ted  f o r  each element i n  the p l o t  set 
and a temporary t a b l e  is made containing the element i d e n t i f i c a t i o n  number, 
the contour value, and the centroid.  
Additional Subroutines Required: CENTRE . 
(4) Subrout ine N a m e :  @RDER 
Purpose: t o  f i n d  f o r  each g r i d  p o i n t  i n  the  p l o t  se t ,  a l l  elements 
which con ta in  t h a t  g r i d  p o i n t  and t o  o r d e r  those  elements surrounding i n t e r i o r  
g r i d  p o i n t s .  
where GPLST i s  a l i s t  of i n d i c e s  de f in ing  t h e  set of g r i d  p o i n t s  and 
ID,REST are temporary s t o r a g e  areas f o r  element and g r i d  p o i n t  
Cal l ing  Sequence: CALL @RDER(GPLST, I D ,  REST) 
information.  
Common Blocks: None. 
Method: The subrout ine  ORDER e x t r a c t s  from the  EGPT (Element 
Connections and P r o p e r t i e s  Table)  d a t a  block the  l i s t  of elements connected 
t o  each g r i d  p o i n t  f o r  each g r i d  p o i n t  i n  t h e  p l o t  set. Since the  g r i d  
p o i n t  
form, ORDER uses  t h e  S I L  t a b l e  t o  f i n d  the  i n t e r n a l  g r i d  p o i n t  numbers 
a s soc ia t ed  wi th  each element .  For each g r i d  p o i n t  i n  t h e  p l o t  set ,  ORDER 
f i n d s  a l l  two dimensional elements i n  the  p l o t  set  conta in ing  t h a t  (p ivo t )  
g r i d  p o i n t .  The elements are then ordered  s o  t h a t  ad jacen t  elements con ta in  
a second common g r i d  p o i n t .  A f l a g  i s  set i n d i c a t i n g  whether t h e  p i v o t  g r i d  
p o i n t  i s  i n t e r i o r  t o  the  s t r u c t u r a l  shape o r  on the  boundary of t he  s t r u c t u r a l  
shape. 
numbers g iven  i n  t h e  ECPT d a t a  block are i n  SIL (Sca lar  Index L i s t )  
A temporary t a b l e  i s  compiled conta in ing  one record  f o r  each g r i d  
po in t  i n  t h e  c u r r e n t  p l o t  se t .  Each record  conta ins  a f l a g  i n d i c a t i n g  
whether t he  g r i d  p o i n t  i s  i n t e r i o r  t o  t h e  s t r u c t u r a l  model o r  on the  boundary 
of the  S t r u c t u r a l  model, and a list of elements connected t o  t h e  g r i d  p o i n t .  
For boundary g r i d  p o i n t s ,  t h e  t a b l e  conta ins  two g r i d  p o i n t s  f o r  each element 
t h a t  are connected by element boundary l i n e s  t o  t h a t  g r i d  p o i n t .  
Addi t iona l  Subrout ines  Required: None. 
(5) Subrout ine N a m e  : CENTRE 
Purpose: t o  f i n d  t h e  i n t e r s e c t i o n  of two l i n e s .  
Cal l ing  Sequence: CALL CENTRE(Xl,Y1,X2,Y2,X3,Y3,X4,Y4,CENTER), 
RETURNS (RETURNl) 
where X 1 , Y l  and X3,Y3 are the  end p o i n t s  of one l i n e ,  
X2,Y2 and X4,Y4 are the  end p o i n t s  of t he  second l i n e ,  and 
CENTER i s  re turned  as the  p o i n t  of i n t e r s e c t i o n .  
Common Blocks: None. 
Method: The subrout ine  CENTRE i s  used i n  the  c a l c u l a t i o n  of the  c e n t r o i d  
of an element.  The nonstandard r e t u r n  is  taken i n  t h e  event  t h a t  e i t h e r  of t h e  
l i n e s  has  i n f i n i t e  s lope .  It i s  assumed t h a t  t h e  t w o  l i n e s  are n o t  p a r a l l e l .  
Addi t iona l  Subrout ines  Required: None. 
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(6) Subrout ine Name:  DISPLA 
Purpose: t o  draw displacement contour  l i n e s .  
Ca l l ing  Sequence: CALL DISPLA(GPLST,X,S,U,PEN,DEFORM,LABEL,PT) 
X , S  conta in  the  corresponding undeformed and deformed 
U con ta ins  the  g r i d  p o i n t  displacement coord ina te s ,  
PEN is t h e  l i n e  d e n s i t y  o r  pen number, 
DEFORM = { 
LABEL con ta ins  t h e  contour  l i n e  l a b e l i n g  informat ion ,  and 
PT con ta ins  t h e  coord ina tes  of t he  t r i a n g l e  formed t o  c a l c u l a t e  
where GPLST i s  a l ist  of i n d i c e s  de f in ing  the set of g r i d  p o i n t s ,  
coordinates,  r e s p e c t i v e l y ,  of t h e  g r i d  p o i n t s .  
0 i f  an undeformed s t r u c t u r a l  shape w a s  requested 
1 i f  a deformed s t r u c t u r a l  shape w a s  reques ted  , 
contour  l i n e s .  
Common Blocks : 
/XXPARM/ (ref .15)  ( see  a l s o  Addit ions t o  NASTRAN Tables ,  page 10 ). 
/PLTDAT/ ( r e f  .15) ( see  a l s o  Additions t o  NASTRAN Tables ,  page 10 ) .  
Method: The subrou t ine  DISPLA uses  t h e  ELSETS d a t a  block t o  e x t r a c t  
t h e  two dimensional elements i n  the  p l o t  s e t .  Each element i s  then broken 
down t o  one o r  more t r i a n g l e s  and contour  l i n e s  are drawn w i t h i n  the  
t r i a n g l e s  wi th  the  assumption t h a t  t he  contour va lues  vary l i n e a r l y  between 
g r i d  p o i n t s .  
. I t  i s  assumed i n  the  DISPLA subrout ine  t h a t  t he  u s e r ' s  coord ina te  
system i s  a right-handed coord ina te  system wi th  coord ina te  axes X , Y , Z .  I f  
the  AXES card  ( r e f .  16)  i s  used t o  change t h e  o r i e n t a t i o n  of t he  s t r u c t u r a l  
model, i t  w i l l  have no e f f e c t  on t h e  component of displacement used t o  draw 
the  contour  p l o t .  
Labeling informat ion  i s  maintained on a temporary f i l e  t o  be added 
t o  the  p l o t  by the sub rou t ine  CONTOR. 
Addi t iona l  Subrout ines  Requested : None. 
( 7 )  Subrout ine N a m e  : B@RDER 
Purpose: t o  draw the  s t r u c t u r a l  o u t l i n e .  
Ca l l ing  Sequence: CALL B@RDER(GPLST, X ,  U, DEF@RM) 
where GPLST i s  a l i s t  of i n d i c e s  de f in ing  t h e  set of  g r i d  p o i n t s ,  
r e s p e c t i v e l y ,  of t h e  g r i d  p o i n t s ,  and 
X,U con ta in  the  corresponding undeformed and deformed coord ina tes  , 
DEFORM = { 0 i f  an  undeformed s t r u c t u r a l  shape w a s  requested 1 i f  a deformed s t r u c t u r a l  shape w a s  reques ted .  
Common Blocks: None. 
Method: The subrout ine  BgRDER uses  t h e  t a b l e  c rea t ed  by t h e  subrout ine  
@RDER. 
sets boundary. A l l  g r i d  p o i n t s  connected t o  t h i s  g r i d  p o i n t  by element 
BORDER e x t r a c t s  from t h e  t a b l e  those  g r i d  p o i n t s  t h a t  l i e  on the  p l o t  
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boundary lines are s o r t e d  t o  f i n d  the  two element boundary l i n e s  which form 
the s t ruc tu ra lboundary .  The BORDER subrout ine then draws two connecting 
l i n e s  f o r  each g r i d  po in t  so  t h a t  the s t r u c t u r a l  o u t l i n e  w i l l  be  of dens i ty  
two. 
Addit ional  Subroutines Required: None. 
Additions t o  t h e  NASTRAN Tables 
The NASTRAN Functional Module P l o t  uses  labe led  common t o  communicate 
information concerning p l o t  reques ts ,  p l o t  ca l cu la t ion  parameters,  and p l o t t e r  
hardware c h a r a c t e r i s t i c s  among subrout ines .  
added t o  two of t he  labe led  common blocks t o  pass contour p l o t t e r  information. 
These a d d i t i o n a l  parameters are described here  ( r e f .  17) .  
Addit ional  parameters have been 
(1) C@MM@N/DRWDAT/ SET , . . . ,VECTOR, C@N , EDGE 
where C@N 
EDGE i s  an in t ege r  i nd ica t ing  t h e  o u t l i n e  opt ion.  
i s  an in t ege r  i nd ica t ing  the  contour p l o t  op t ion ,  and 
(2) CO~ONIXXPARMIPBUFSZ, ..., XY(ll,3),NCNTR,CNTR(5O),ICNTVL,~ERE,DI~CT, 
SUBCAS,FLAG,VALUE,SET 
In t h e  following desc r ip t ions ,  t h e  va lue  i n  parenthes is  t o  the r i g h t  of 
the  v a r i a b l e  name is  the  d e f a u l t  va lue ,  and t h e  let ter i n  parenthes is  t o  the  
r i g h t  of the explanat ion p e r t a i n s  t o  the  type of v a r i a b l e  (I i s  in t ege r ,  and 
R is  real.). 
Contour P l o t t i n g  Data 
NCNTR(~O)  - Number of contour va lues  t o  be p l o t t e d  ( I )  
CNTR - Contour va lues  (R) 
ICNTVL(3) - Type of contour p l o t  ( I )  
WHERE(1) - Fibre  Distance of stress contour va lue  ( I )  
DIRECT(2) - Stress vec to r  d i r e c t i o n  opt ion  ( I )  
SUBCAS - Current subcase ( I )  
FLAG(O.0) - Data i d e n t i f i c a t i o n  ind ica to r  (R) 
VALUE - Current eigenvalue o r  t i m e  s t e p  (R) 
SET - L a s t  p l o t  set processed by contour p l o t t e r  ( I )  
Local Table Descr ipt ions 
Three t a b l e s  are formed f o r  t he  u s e  of the  contour p l o t  subrout ines .  The 
t a b l e s  are compiled and used wi th in  t h e  s t r u c t u r e  p l o t  module. 
desc r ip t ion  of each t a b l e  fol lows t h e  f i l e  name, 
The 
1. SCR1, sc ra t ch  f i l e  1 - compiled by the subrout ine CREATE t o  be used by 
the  subrout ine  CONTOR. 
GOPEN. The t a b l e  is compiled from information contained i n  t h e  ELSETS d a t a  
block ( r e f .  18) and the  O E S l  d a t a  block ( r e f .  19)  o r  t he  NEWOES t a b l e  ( see  
below). 
The header record is  w r i t t e n  by the  subrout ine 
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Table Format : 
Record Word Type Item 
0 
1 
2 
1 
2 
I 
I 
3 R 
435 R 
(4m+2) I 
Header Record 
I d e n t i f i c a t i o n  
Number 
S t r e s s  Value 
. I t d
0 
End-of-File 
r epea t  f o r  
} each element 
type i n  
contour type 
set 
Note: m = t h e  number of elements of cur ren t  type i n  the  p l o t  set. 
2. SCR2, sc ra t ch  f i l e  2 - compiled by t h e  subrout ine ORDER t o  be used by 
the  subrout ines  CONTOR and BORDER. 
subrout ine GOPEN. The t a b l e  is compiled from information contained i n  the  
ECPT d a t a  block ( r e f .  20) and t h e  SIL  t a b l e  ( r e f .  21). 
The header record is w r i t t e n  by t h e  
Table Format: 
Record Word Type Item 
0 
1 1 
2 
I 
I 
4 I . 
Notes : 
1) n = t h e  number 
2) m = t he  number 
3)  Flag = -1: 
Word 
4 
-
( 3 W  
Header Record 
Number of elkments, m. 
Grid po in t  i n t e r n a l  
Flag 
number 
element containing 
Contents dependent 
repeated f o r  each 
t h e  g r i d  poin t .  
on Flag. 
repeated f o r  
} each g r i d  poin t  
i n  p l o t  se t  
of g r i d  po in t s  i n  the  p l o t  set, 
of elements i n  cu r ren t  record.  
Item xYE!E -
I Element i d e n t i f i c a t i o n  number . 
I 
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4) Flag = -2: 
I t e m  Word X Y E  -
4 I Element i d e n t i f i c a t i o n  number 
5 I Grid p o i n t  i n t e r n a l  number 
6 I Grid p o i n t  i n t e r n a l  number 
(3m+l) I Element i d e n t i f i c a t i o n  number 
(3m+2) I Grid p o i n t  i n t e r n a l  number 
(3m+3 ) I Grid p o i n t  i n t e r n a l  number 
3.  NEWOES - compiled by t h e  sub rou t ine  ROTATE t o  be used by t h e  sub rou t ine  
CREATE. There i s  no header record .  The t a b l e  i s  compiled using stress 
va lues  contained i n  t h e  O E S l  d a t a  b lock  ( r e f .  22). 
The f i r s t  record i n  each s e t  of two r eco rds  on NEWOES is  a copy of 
The second r eco rd  of each t h e  corresponding record  of t h e  O E S l  d a t a  block.  
set  con ta ins  changes i n  conten t  f o r  t h e  fol lowing element types :  
Element types CTRIA1,  CQUAD1, CTRIA2, CQUAD2 
Word 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
12 
13 
14  
15 
16 
1 7  
Con t e n t s  
z1 
Normal X S t r e s s  a t  Z 1  
Normal Y S t r e s s  a t  Z 1  
Normal Z S t r e s s  a t  Z 1  
Shear XY a t  21 
Shear XZ a t  Z 1  
Shear YZ a t  Z 1  
Maximum Shear a t  Z 1  
22 
Normal X S t r e s s  a t  22 
Normal Y S t r e s s  a t  22 
Normal Z S t r e s s  a t  22 
Shear XY a t  22 
Shear XZ a t  22 
Shear YZ a t  22 
Maximum Shear at  22 
Element types  CTRMEM, CQDMEM 
Word Contents  
2 Normal X S t r e s s  
3 Normal Y S t r e s s  
4 Normal 2 Stress 
5 Shear XY 
6 Shear XZ 
7 Shear YZ 
8 Maximum Shear 
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